Crop raiding by primates in particular and wild animals in general is a significant source of people-forest conflict around the Budongo Forest Reserve, Uganda. Crop loss to wild animals undermines local support for conservation efforts in this area. Patterns of primate crop raiding were studied over a period of 14 months in six villages (five adjacent to the Budongo Forest Reserve and one that is approximately 3,500 m from the forest edge). Data were collected via a questionnaire survey. Additional information was obtained from the relevant local government offices. Chimpanzees Pan troglodytes, baboons Papio anubis, other monkeys, bush pigs Potamochoeus procus and porcupines Hystrix cristata were reported by farmers to be the major causes of crop losses by wildlife. Of farmers, 73% reported suffering crop damage caused by primates, and 79% considered baboons to be the most destructive of all crop raiding species. Drought, insect pests, poor sowing, plant diseases and accidental fires were other sources of crop losses to farmers, though the risk of crop damage particularly by primates is perceived as the most serious potential cause of losses. Using chimpanzees as a case study, patterns of crop damage across the year are compared with seasonal fluctuations in availability of wild foods.
ular, primate crop raiding and human conflict is wide spread in many parts of Africa. For example, around Bwindi Impenetrable Forest National Park, Uganda (CARE 1994) , around protected areas in Tanzania (Newmark et al. 1994) , around Ituri Forest, the Democratic Republic of Congo (Mubalama 1996) , and around Maputo Elephant Reserve, Mozambique (De Boer & Baquete 1998) .
Especially, baboons Papio anubis are notorious for their crop raiding activities throughout Africa (Else 1991) . At present it is generally accepted in Africa that farmer-wild animal conflict has increased over the last 30 years mostly because of increased amounts of land being converted to agriculture (Hill 1997) . Around the Budongo Forest Reserve, Uganda, where the risk of crop damage by primates is perceived to be significant, local communities are hostile to conservation programmes (Reynolds 1992 , Johnson 1996 . In this case crop loss to primates undermines local support for conservation efforts.
Studies on human settlements have provided evidence of increased complaints of damage to crops by wild animals in western Uganda (Aluma et al. 1989 , Obua et al. 1998 . Despite the frequency of primate-human conflict, until recently few studies have analysed factors concerning primate crop raiding (Naughton-Treves 1997, Knight 1999 , Hill 2000 , Saj et al. 2001 , Sprague 2002 . The objective of our study was to gather information on the farmers' knowledge of patterns of crop raiding to help conservation authorities, government and local people to devise more effective mitigation measures. In particular, we identified the primates regarded by farmers as causing most damage, the crops they raid, and seasons of raiding. We also compare availability of forest and crop foods with farmers' reports of chimpanzee Pan troglodytes raiding patterns. Availability of forest fruits has been used to indicate availability of chimpanzee food in the forest because chimpanzees are primarily frugivores with more than 70% of their diet consisting of fruits (e.g. Reynolds & Reynolds 1965 , Wrangham et al. 1994 , Tweheyo & Obua 2001 , and are reported to feed on other foods only when fruits are scarce (Wrangham 1977 , Newton-Fisher 1999 . We could not compare farmland food with forest foods for other primates because of insufficient information on the seasonal availability of natural food resources important to other primate species in the Budongo Forest Reserve. In this paper, we compare patterns of chimpanzee food in the forest with patterns of crops in the farms to assess whether chimpanzee raiding behaviour occurs as a consequence of shortfall in the availability of forest foods. For baboons, other monkeys, bush pigs Potamochoerus procus and porcupines Hystrix cristata, we record their patterns of crop raiding based on interviews with farmers only. Since permanent methods to prevent crop raiding are not easily affordable by local farmers (Poole et al. 2002) , our findings highlight specific seasons when crop protection methods should be a primary focus for farmers rather than trying to implement strategies year round that may be expensive and require much labour.
Methods

Study area
The Budongo Forest Reserve (BFR), Masindi District, western Uganda, lies between 1̊35' and 1̊55'N and 31̊8' and 31̊42'E, and has an average altitude of 1,100 m a.s.l. The reserve was gazetted as a central forest reserve in 1932. It comprises a mixture of tropical high forest with a large population of mahoganies, woodlands and savanna grasslands believed to be capable of supporting forest. It is the largest forest reserve in Uganda, covering about 825 km 2 , 53% of which is a continuous tropical forest; the remainder comprises grassland communities (Hamilton 1984 , Howard 1991 .
Regional records from the nineteenth century describe a vast forest surrounded by scattered agricultural settlements (Paterson 1991) . Traditionally, farmers protected their field crops against damage from wild animals by hunting and trapping the animals in and around their fields (Paterson 1991) . This was regarded as an effective way of protecting crops because it had an additional benefit of providing households with meat, which was partly perceived to compensate for crop losses (Vansina 1990) . Up to the middle of the 1900s, crop damage by wild animals, particularly by elephants Loxodanta africana made some arable land uninhabitable (Paterson 1991 , Hill 1998 . As a consequence of increasing elephant-people conflict in the middle of the 1900s, elephants were killed locally in large numbers (Brooks & Buss 1962) . The elephants that survived migrated to the neighbouring Murchison Falls National Park. Thus there are no elephants at present within in the BFR.
Daily temperature and rainfall data recorded by the Budongo Forest project field station from 1993 to 2001 demonstrate that rainfall at this site exhibits a bimodal pattern, but the forest is generally wet year round (Fig.  1) . The mean monthly rainfall is 139 ± 67 mm (± SD), and there is a relatively constant minimum temperature with a monthly mean of 20.9 ± 1̊C (± SD). The precipitation bars depict a dry season between December and February, and in this period temperatures rise up to 31̊C.
The conversion of forested areas for agricultural use in western Uganda is closely correlated with human population growth. Human population density around Budongo more than tripled during 1960 -2000 (NEMA 1999 , Masindi District Profile 1989 -2000 . Most farmers cultivate two major crops, and sometimes three during years with high precipitation. Farmers cultivate a mixture of subsistence crops; sugarcane and tobacco are sometimes grown for cash income.
The rapid population growth in western Uganda has resulted in land scarcity and has left Budongo Forest Reserve and a few other forests as the last refuges for wildlife. Budongo Forest Reserve is important globally for its high biodiversity, ranking third in overall importance for Uganda's forests (Howard et al. 1997) . There are approximately 465 species of trees and shrubs, though the forest is dominated by the stinkwoods Celtis africana, C. gomphophylla, C. mildbraedii, and C. zenkeri, mahogany Khaya anthotheca, and ironwood Cynometra alexandri (Plumptre 1996) . In addition, there are five species of diurnal primates, chimpanzee, black and white colobus monkey Colobus guereza occidentalis, baboon, blue monkey Cercopithecus mitis stuhlmanii and red-tailed monkey C. ascanius schmidti.
Data collection
Three parishes, i.e. Kabango, Nyabyeya and Nyantonzi, on the southern border of the Budongo Forest Reserve (Fig. 2) were selected for household questionnaire surveys. Six villages: Kapeka III, Binamira II and Wafala in Kabango, Nyakafunjo and Nyabyeya II in Nyabyeya, and Kanyege in Nyantonzi were selected. Apart from Binamira II (approximately 3,500 m from the forest boundary), all other villages share a common boundary with the Budongo Forest Reserve. There are many parishes and villages that surround the Budongo Forest Reserve, but due to inadequate time and logistical constraints, we only interviewed farmers from six villages, which were located in three parishes. The five villages that share a common border with Budongo Forest Reserve were chosen randomly from the list of the villages that border the forest. We assigned each village that borders the forest a number, we inserted the village numbers in the box and then we chose the surveyed villages randomly by picking their corresponding numbers from the box. Except Binamira II, which was selected specifically because, though far from the Budongo Forest Reserve, it is surrounded by forest patches.
Data were collected between June 2000 and August 2001 using open-ended questionnaire interviews with households distributed among the six villages. Secondary data were obtained from wildlife conflict data books maintained by subcounty chiefs, Budongo Forest Project, Budongo Ecotourism Project, Nyabyeya Forestry College, Uganda Forest Department and Masindi District Vermin Control Department. Data on availability of chimpanzee forest foods were gathered via an ecological survey of forest food.
A total of 144 interviews were accomplished; 78 men and 66 women. Of the people interviewed 72% were exclusively farmers, 11% were employed by Kinyara Sugar works, 8% were employed by the Uganda Forest Department, 4% were pit sawyers, 3% were carpenters and 2% were business people. In each interview, an adult member of the household was interviewed. In the six villages, there was an average of 56 households, and we interviewed 24 households (about 43%) per village. Households were chosen through random sampling. The subcounty chief of Budongo County had a list of all households in each parish and village, and from this list we chose our study households randomly. We looked at the list of households in each village and assigned each household a number. Then we inserted the household numbers in the box and later picked their corresponding numbers from the box randomly. The sampled households in each village were representative of the randomly chosen numbers from the box. The household member to be interviewed (man or woman) depended on the member who was available at the time of the interview. The age of the farmers interviewed ranged from 15 to 70, but the greatest percentage (33%) were between 40 and 49 years of age. Most interviews were carried out in Kiswahili, but we sometimes used English, Runyoro or Luo. To minimise biases from farmers' perceptions, which is always embedded in people's personal history and sometimes even in researchers' thinking, the following measures were taken:
1. with the help of a resident research assistant and the subcounty chief, we disclosed to the community what the research was about and its intentions through the village chairpersons. We talked with the chairperson of each village, and then the village chairperson talked to the village members. We clarified that the research was meant for scientific and academic purposes, and that it had no legal or political implications; 2. we formed a committee, which consisted of the subcounty chief, the parish chairpersons and the village chairpersons, whom we worked with to recast the questionnaire. In this committee we avoided questions that were considered taboos in this community and factors considered private; 3. to avoid any content bias we crosschecked information given by direct observation, asking different people and reviewing literature.
Farmers in the area reported to know the type of damage caused by particular animals. They believed that they were able to differentiate between damage caused by primates and damage caused by bush pigs or porcupines. Demographic, household and cropping data were collected from participants as well as information about animals raiding crops, the time(s) of the year when crop raiding occurs, extent of crop damage experienced by individual farmers, frequency of animals visiting farms, protection methods adopted against crop raiding animals, and other causes of crop losses. Initially farmers were asked to rate the crop losses they incur from different species and also across the seasons using a scale of 1-6, where 1 was equivalent to 'little or no damage' and 6 represented 'most severe damage'. For the purposes of analysis we compressed the 1-6 ranking scores used by farmers into three categories: 'severe damage' (3), 'modest damage' (2) or 'minimal damage' (1) by combining pairs of consecutive ranks, e.g. ranks 1 and 2 were combined to give a final rank of (1) equivalent to 'minimal damage' to generate an index of perceived severity of crop raiding. We then related the farmers' severity index response to crop raiding with time and total number of crops in the field. We also asked farmers to rank all causes of crop loss that they experience on a scale of 1-6 as above to determine the degree to which farmers consider crop damage by wildlife as a significant cause of loss. Categories included were: drought, fire, insect pests, plant diseases, poor sowing and wildlife. Again these factors were grouped according to farmers' perception as: a) cause greatest loss, b) cause modest loss, c) cause least loss, as outlined above. Each category of perception was analysed by scoring it against the cause of crop damage. After scoring each cause of crop damage in the three groups (greatest loss, modest loss and least loss), we weighed them by addition in each category (drought, fire, insect pests, plant diseases, poor sowing and wildlife) for analytical purposes to get total scores. With total scores, we assessed the single greatest cause of crop loss in accordance with farmers' perception.
Phenological sampling for fruit availability was carried out between June 1999 and June 2001 in circular plots (radius: 20 m) which were established systematically along eight line transects. Each transect was 2 km long. The sample plots were laid along each transect at intervals of 100 metres, giving a total of 160 sample plots along transects. In addition, one sample plot was laid out at a random position at 500 m distance on each side of the line transect, giving a further 16 random sample plots. Only tree species that were known to be edible to chimpanzees were monitored in both systematic and random sample plots. The Budongo Forest Project has records of trees known to be edible to chimpanzees. A total of 176 sample plots were surveyed, and 521 individual trees representing 29 species belonging to 15 families were monitored. Fruit trees were identified as those individuals with at least a 10-cm diameter at breast height (DBH) following the method of Chapman et al. (1992) . Fruit availability was recorded twice a month.
Scan sampling (Altmann 1974 ) was used to record chimpanzee diet in the forest. Chimpanzee groups were followed from dawn to dusk between June 2000 and August 2001. During this period M. Tweheyo followed the chimpanzees for 176 days. Scans were made at 30-minute intervals to record the activities of each visible individual in the food trees. During this process all types of food eaten by chimpanzees were recorded: flowers (FW), insects (IS), buds (B), fruits (F), leaves (L), pith (PI), bark (BK), seeds (SE), prey (PE), nuts (NT), soil (SO) and wood (W). Scan sampling data were used to determine the different foods eaten by chimpanzees in different months.
Our study compares only direct observations of forest and cultivated food for chimpanzees. Information about other animals is based on interviews with farmers only. Chimpanzees, baboons, red-tailed monkeys and blue monkeys have all been observed feeding on cultivated foods during this and a previous study (C.M. Hill, unpubl. data) . Data were analysed using SPSS version 8.0 (1997).
Results
Raiding animals, season of raiding and food in the main forest
Locally farmers consider crop raiding by primates, bush pigs and porcupines to be a major cause of crop loss. Of the farmers, 93% reported crop loss from primates, bush pigs and porcupines while 73% of farmers reported crop losses due to primate raiding. Five wild animals are listed as significant threats to crops (Table 1) . Farmers' reports of the months in which wild animals raided their farms varied significantly (P 2 = 32.24, df = 11, P < 0.05). Baboons and bush pigs were considered by farmers to be the most destructive wild animals (see Tables 1 and  3) .
Based on farmers' responses, the most severely raided crops in the field varied significantly with months; (P 2 = 55. 71, df = 40, P < 0.05). The months of severe crop raiding by all problem animals (Table 2) were positively related (R 2 = 0.77, P = 0.001) to months with many crops in the field (Fig. 3) . The only contradictory response about severity of crop raiding was with farmers who planted sugarcane Saccharum officirum; they expressed severe raiding problems during December, January and February, which coincides with the period of fruit scarcity in the forest. When forest fruits are scarce, chimpanzees feed on a range of other foods (Fig.  4) , including leaves, flowers, pith, bark and seeds. There were no data available on forest foods eaten by other crop raiding species, therefore we cannot say with utmost certainty whether this reflects a period of low availability of forest foods for all these animals. However, since diets for wild animals can overlap, scarcity of chimpanzee foods in the forest may indicate scarcity for other sympatric primates. In Budongo forest there are more fruiting trees in the wet season. When we compared the number of farmers' reporting crop damage and the number of chimpanzee fruiting trees in any month (see Fig. 4 ), there was a positive relationship between the number of fruiting trees and crop raiding across the year (R 2 = 0.69, P < 0.001). This confirmed our personal observations that the months of severe crop raiding are not necessarily months of limited chimpanzee food in the forest, with the exception of periods when chimpanzees are reported to raid sugarcane. Thus crop-raiding behaviour would appear to be linked more to availability of preferred crops rather than to scarcity of wild food resources. While raiding crops, chimpanzees adopt more stealthy behaviours than when they are feeding in the forest, and they rarely move up to 500 m into the hinterland. It is mainly the adult chimpanzees that raid crops; females with infants rarely risk moving into cropland.
Type of crops grown and frequency of crop damage
Bush pigs and porcupines raided farms only at night thus people guarded their fields at night. Guarding was the most common method used to chase away primates, Table 2 and total number of crops in the field (B). Most severe months of crop raiding ranked as 6, severe as 5, moderately severe as 4, mildly severe as 3, least severe as 2 and little or no crop damage as 1. See Table 3 for crop names. bush pigs and porcupines from their crops as is the case for other studies (Hill 1997 , Naughton-Treves 1998 . Young and old people spent long hours scaring away animals, and there is no government intervention to help them. However, it is important to bear in mind that this is based on information largely obtained from farmers rather than independent observation. Therefore, we cannot rule out possible biases associated with farmers focussing on what happens in their fields when they think they have most loss.
A total of 12 different crops were reported to be raided by wild animals (Table 3) . Sugarcane was the only cash crop that primates raided year round. Crop damage frequency as reported by farmers varied significantly among the most destructive animal species (P 2 = 94.7, df = 2, P < 0.001). Baboons raided a wide range of crops (see Table 3 ), and farmers indicated that baboons raided some crops at all stages of growth from sowing/planting up to harvesting. Chimpanzees raided ripe fruits of mango Mangifera indica, pawpaw Carica papaya and sugarcane. Damage to sugarcane tended to increase during the dry season when all other crops had been harvested and there were relatively few chimpanzee fruits in the forest. Most of the crops were harvested during the early dry season, although some crops such as cassava Manihot esculenta persisted during the dry period (see Table 2 ). In general, farmers considered crop damage to be greatest during the harvesting time or just before harvesting when crops are mature (see Fig. 3 and Table 2 ).
Age of farmers, time spent in the area and other causes of crop losses
Most of the farmers are recent immigrants and 35% have lived in the Budongo subcounty for less than 10 years (Fig. 5 ). There was a significant difference between age of respondent and time spent living in the area (P 2 = 95.86, df = 30, P < 0.001) but no linear association (Spearman's correlation coefficient: r 2 = 0.14, P < 0.1) between the two variables. The lack of linear association between farmers' age and time spent living in the area may show that there has been increased immigration locally in recent times. Farmers report that competition for land has reduced forest cover and increased raiding by wild animals. Indeed, 93% of the farmers interviewed consider that crop raiding by wild animals has increased in the last 10 years. It is not possible to verify whether this is actually the case or not. However, farms from which crop raiding is reported to be a problem are often within 100 m from the forest boundary. Previous studies have already demonstrated the link between proximity to forest boundary and increased risk of crop damage by wildlife (Hill 1997 . We observed that most forest patches surrounding the Budongo Forest Reserve are being cleared and turned into agricultural land primarily for sugarcane, thus there are many more farms located at the forest edge now than was the case previously.
Though primates, bush pigs and porcupines do, according to farmers, cause significant crop losses locally, farmers considered the extent of the crop damage caused by wildlife to be less than that caused by drought and insect pests (Fig. 6A) . The weighted rank index (Fig.  6B) from the farmers' perspective shows that wildlife is not considered to cause the greatest crop loss in this area. Many other factors contribute to crop loss (e.g. drought, fire, insect pests, plant diseases and poor sowing methods) around the Budongo Forest Reserve.
Discussion
People's perceptions of patterns of crop raiding around the Budongo Forest Reserve resembled the results obtained elsewhere (e.g. Newmark et al. 1994 , Mubalama 1996 , Poole et al. 2002 . That 73% of farmers around the Budongo Forest Reserve complain about crop raiding by primates is not surprising since many farms are close to the forest boundary. Forest patches have reduced in size, leading to loss of habitat and resources to primates. However, some species seem to prefer forest-agricultural land boundary areas as demonstrated by Butynski in Bwindi where he recorded higher populations densities of red-tailed monkeys and baboons on the edge of the forest as compared with the interior (Butynski 1984) . In addition, farmers living in the neighbourhood of other forests in western Uganda and the Democratic Republic of Congo have reported that primates dominate the assemblage of crop raiders (CARE 1994 , Mubalama 1996 . It is interesting to note that 93% of the farmers sampled thought that crop raiding has increased over the last 10 years. This shows that primates in particular and other wild animals in general are a growing concern in village farms adjacent to the Budongo Forest Reserve, though this does not necessarily confirm that crop raiding is increasing. As argued in Hill (in press), NaughtonTreves (1997) and Nyerges (1992) , various factors such as increasing dependence on agriculture for livelihood, declining alternative employment opportunities, time spent in any location, and influence of past and present conservation and wildlife management strategies can all contribute to people's declining tolerance of local wildlife.
The reported increase in crop raiding incidences from the late 1980s has coincided with the clearing of many forest patches (Marriott 1999 , Lauridsen 1999 . According to farmers the frequency of crop raiding by primates appears to increase during the months when crops are ready for harvest. Crop raiding was related to seasonal patterns of wet and dry periods. Though severe crop raiding took place in the months when there were plenty of chimpanzee fruits in the forest, the availability of sugarcane in farms throughout the year makes crop raiding a problem to sugarcane growers in the dry season. Similar to other findings (e.g. Reynolds & Reynolds 1965) , our results show that during the months of low fruit availability in the forest, chimpanzees feed on many other food items. This is also consistent with other studies which have shown that during periods of food scarcity, animals extend their ranging patterns (Leighton & Leighton 1983) exhibit a dietary shift utilising other foods (Terborgh 1983) , and this is true for the chimpanzees of Budongo. Accordingly, chimpanzee movement in and out of the Budongo Forest Reserve may be considered adaptive, and this also may apply to sympatric monkeys. Fluctuation in availability of primate forest foods has also been reported in the nearby forest of Kibale National Park about 300 km south of the Budongo Forest Reserve (Naughton-Treves et al. 1998). Sugarcane must grow for at least 18 months before harvesting, making it a perennial crop and always available, even when all other crops have been harvested. Additionally, sugarcane is a preferred food for chimpanzees (Naughton-Treves et al. 1998), thus the combination of year round availability and being a highly attractive food source for chimpanzees makes sugarcane extremely vulnerable to extensive damage from these animals, resulting in increased conflict between sugarcane growers, forest managers and primate conservationists locally. The conflict arises because farmers have to spend long hours guarding their crops or risk losing them to wildlife. This reduces household time that could be spent on other activities (Hill 1997 (Hill , 2000 .
One outcome of crop raiding is when primates, especially baboons, damage very young crops or germinating shoots, and farmers are forced to replant the damaged areas. Farmers indicated that during the planting season, seeds are scarce and some farmers finish all their seed stock at the first sowing. Replanting of damaged fields is thus very costly, as farmers have to buy the seeds from markets or go through the whole period with little hope of harvesting. It is important to note that, though wild animals were not considered the major cause of crop loss to farmers' harvest, some farmers living close to the forest boundary claim up to 100% losses due to problem animals raiding their crops. This perhaps is, at least in part, a reflection of their heightened perceived risk of crop losses to wildlife.
Farmers also lose crops through other causes such as insect pests, drought and plant diseases, which are hard to control given the poor financial positions of many farmers. The only major cause of crop loss for which it is apparently easy to apportion blame is wildlife from the Budongo Forest Reserve. Thus tension between farmers and conservationists is not necessarily because crop raiding animals are the major cause of crop loss, but rather that crops that survive drought, insect pests, poor sowing, plant diseases and fire are also at risk of being damaged at a stage when farmers have high expectations of the coming harvest. As such, crop raiding though not necessarily the single most drastic source of crop loss, confounds other problems.
Understanding the patterns of primate crop damage requires careful attention to scale, both spatial and temporal. Given that forests are being fragmented and converted to agriculture throughout East Africa, adaptable primates such as baboons and other Cercopithecine monkeys may become highly destructive to forest edge crops (Kavanagh 1980) . Thus the long-term survival of primates is at risk from the low human tolerance for 'pests' and the potential impact of eradication of their habitats (Altmann & Muruthi 1988) . Given that chimpanzees are an endangered species, understanding patterns of their crop raiding is essential for making informed decisions about their management. Conservation of primates around protected areas like Budongo needs an integrated approach involving the local people because they are directly affected by living alongside wildlife. The significant implication of our findings to the management of Uganda's forests in particular, and protected areas in general, is that measures targeted at reducing crop raiding due to problem animals are likely to improve a sometimes fragile relationship between farmers, forest managers and conservationists.
